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(54) Excimer laser processing method and apparatus. 



(5?) An excimer laser ablation processing for 
forming via hoies a jp| filrTL hv/ irradiation of 
an excimer laser^wnerein, the emission of light 
caused during the decomposition of the resin 
during the processing is detected, its intensity 
is measured, and the endpoint of the proces- 
sing is judged or a comparison is made of the 
positions of light emission and the design posi- 
tions for processing to examine for the pre- 
sence of defects. Provision is made of a means 
for measuring the intensity and a means for 
judging the endpoint of the processing from the 
changes in the intensity of light emission during 
the processing. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an excimer laser 5 
processing method and apparatus. More particularly, 
it relates to an excimer laser processing method and 
apparatus, wherein the end of processing is suitably 
judged and the presence of defects is judged during . 
the processing, in excimer laser ablation processing 10 
for forming via holes in a resin film by irradiation of an 
excimer laser. 

2. Description of the Related Art 

15 

In recent years, attention has been drawn to abla- 
tion processing using an excimer laser as a new proc- 
essing technique. 

An excimer laser is a gas laser using excitation of 
a rare gas and a halogen and emits a high intensity 20 
ultraviolet beam. Ordinary substances exhibit a 
strong absorption to ultraviolet beams, and therefore, 
when irradiated by a strong light pulse (e.g., about 
1 00 MW/cm 2 ) such as of excimer laser light, chemical 
bonds are destroyed in an instant and t he surface lay- 25 
er evaporates (ablation). This phenomenon is used in 
excimer laser processing. There are numerous com- 
binations of rare gases and halogens, but those used 
most often for processing materials are Krf (wave- 
length of 248 nm), XeCI (wavelength of 306 nm), and 30 
ArF (wavelength of 193 nm). 

In laser processing, conventionally use has been 
made of the heat energy of infrared beams such as 
YAG and C0 2 lasers, but such processing results in a 
large surrounding heat damage. The beam is focused 35 
for the processing, but it is difficult to make the diam- 
eter of the beam spot sufficiently small since infrared 
light has a long wavelength. Also, since spot process- 
ing is involved, there is the problem that the through- 
put cannot be improved. 40 

As opposed to this, an excimer laser mainly 
makes use of the process of breakup of chemical 
bonds by light, and therefore, the processed cross- 
section is clean in finish. Also, it is possible to process 
a relatively wide area (e.g., up to about 1 0 mm 2 ) at one 45 
time, and therefore, there is the feature that a fine 
pattern can be easily formed by exposure through a 
mask. (See for example T. A. Znotins et al.: Laser Fo- 
cus. 54, May 1987, Ishizaka: Applied Mechanical Op- 
tics, September 1990 issue, etc.) 50 

An excimer laser can be used for processing or 
marking metals or ceramics, but is most impressive 
when it comes to processing polymers. Studies are 
underway on applications to polyimides and other dif- 
ficult- to- process polymers. 55 

Among the fields where attention is being drawn 
to the usefulness of ablation processing by excimer 
lasers is the formation of holes (i.e.. via hole process- 
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ing) for connection of wiring between layers in the lay- 
er insulation films of multilayer wiring substrates. Cir- 
cuit substrates are being made multilayer in construc- 
tion to enable higher density packaging of electronic 
components, and circuit patterns are being made fi- 
ner as well. Therefore, even in circuit substrates, at- 
tention is being drawn to the thin film method of laying 
wiring one layer at a time in the same way as multi- 
layer wiring in semiconductor devices. The thin film 
method has been long known to be suited for high 
density packaging, but there have been few cases of 
actual application due to the reason of the difficulty 
in formation of via holes for connection between lay- 
ers. Due to the requirements for heat resistance at the 
time of soldering, use is made mainly of polyimide, 
which has a superior heat resistance, as the thin film 
insulating material, but in the thin film method, the 
t hickness of the insulating film on the circuit substrate 
is several tens of microns, which is an order of thick- 
ness greater than that of the semiconductor device. 
Accordingly, it was difficult to form fine holes in a dif- 
ficult-to-process material like a polyimide by a reli- 
able, convenient process. 

For example, in a process for etching using pat- 
tern exposure of a heat curing material, there are the 
problems of difficulty of light penetrating to under the 
film and the problem of holes of only a size up to 3 
times the thickness of the film being able to be 
formed at most in wet etching by a solvent and a re- 
verse tapering of the hole in sectional shape, making 
miniaturization impossible. 

In the dry etching process where a resist film is 
formed on the resin film, finer holes can be formed, 
but the process is complicated and further it is diffi- 
cult to find a resist suited to a polyimide (one with 
large selectivity in etching). 

As opposed to this, ablation processing by an ex- 
cimer laser enables formation of holes with an ex- 
tremely good shape faithful to the mask by a process 
of just exposure, so has been coming under focus as 
a good technique for making via holes in drff icult-to- 
process films. 

One of the problems in the case of forming via 
holes is how to monitor and manage the progress in 
processing. In excimer laser processing, the resin 
film is etched to a thickness corresponding to the in- 
tensity of the light with each shot. The processing pro- 
ceeds until the underlying electrodes are exposed. 
Accordingly, when the number of irradiation shots is 
insufficient or the intensity of the light drops for some 
reason or another or else when the film to be process- 
ed has locally thicker areas, the electrodes will not be 
exposed and defective connection between layers 
will result. On the other hand, when the number of 
shots is excessive, not only is time wasted in process- 
ing, but also the underlying electrodes will be dam- 
aged and the heating of the electrode metal will cause 
heat deterioration of the resin film. 
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Therefore, it is necessary to monitor the state of 
progress of processing so as to enable the processing 
to be ended at the required sufficient number of 
shots. In the past, the number of irradiation shots had 
been set by determining certain conditions in ad- 
vance, but the number of necessary shots varies due 
to fluctuations in the output of the laser, changes in 
the distribution of light intensity in the beam, deteri- 
oration of the optical components, variations in film 
thickness. Thus, there was the problem that it was 
necessary to frequently reset the conditions. 

On the other hand, an important process in the 
processing of via holes is the inspection for defects. 
An inspection process is essential no matter what 
method is adopted for making the via holes. In par- 
ticular, in a multilayer thin film circuit, when defects in 
the lower layer are overlooked, in many cases all the 
processes applied on top of it become wasted. There- 
fore, stringent checks not allowing any mistakes be- 
come necessary. In many cases, this requires more 
steps than the process for forming the via holes itself 
and necessitates expensive facilities. There are vari- 
ous types of processing defects, which can be roughly 
classified into the following: 

(a) No via hole is made at the location where such 
a hole should inherently be made (see Fig. 1(a)). 

(b) The via hole does not reach to the underlying 
electrode (conductor) (see Fig. 1(b)). 

(c) A hole is made at a location where no hole 
should inherently be made (see Fig. 1(c)). 

(d) The via hole and underlying electrode (con- 
ductor) are deviated in position with each other 
(see Fig. 1(d)). 

Various optical techniques for inspecting for de- 
fects which involve the detection of light reflected 
from the surface of the insulating material, fluores- 
cence from the insulating material, etc. and extraction 
of contours using the same have been developed and 
put into practical use, but with contour extraction of re- 
flected surface light it is difficult to detect the defects 
of Fig. 1(b) and (d) f although the defects of Fig. 1(a) 
and (c) can be detected. When the insulating material 
is transparent and the circuit consists of only a single 
layer, it is possible to inspect for deviations in position 
as in Fig. 1(d) by using the light reflected from the 
supporting substrate such as Si and the light reflect- 
ed from the insulating film for pattern recognition and 
comparing the two against each other, but when the 
circuit consists of multiple layers, the wiring of the lay- 
er further below the wiring layer where the via holes 
are formed becomes an obstacle making inspection 
difficult. 

SUMMARY OF THE INVENTION 

Accordingly, the objects of the present invention 
are to enable the required sufficient laser irradiation 
in ablation processing by an excimer laser and to en- 



able accurate judgment of the end of the processing 
and thereby prevent incomplete processing and dam- 
age to the underlying layers. 

Other objects of the present invention are to mon- 

5 itor the light emission from an etching point, a phe- 
nomenon unique to laser ablation processing, detect 
to what location the processing has proceeded, and 
to detect the exposure of the underlying electrode by 
the cessation of light emission from the processing 

10 point, thereby making possible inspection for defects 
simultaneous with the processing, and to provide a 
method and apparatus for excimer laser processing 
which enable simultaneous inspection by use of the 
above technique. 

15 In accordance with the present invention, there is 

provided, in the excimer laser ablation processing for 
forming via holes in a resin film by irradiation of an ex- 
cimer laser, an excimer laser processing method 
wherein the emission of light caused during the de- 

20 composition of the resin during the processing is de- 
tected, the intensity thereof is measured, and the en- 
dpoint of the processing is judged from the changes 
in the intensity of light emission during the process- 
ing. 

25 In accordance with the present invention, there is 

also provided, in excimer laser ablation processing for 
forming via holes in a resin film by irradiation of an ex- 
cimer laser, an excimer laser processing apparatus 
comprised of a means for detecting the light emission 

30 caused during the decomposition of the resin during 
the processing and measuring the intensity thereof 
and a means for judging the endpoint of the process- 
ing from the changes in the intensity of light emission 
during the processing. 

35 In accordance with the present invention, there is 

further provided, in excimer laser ablation processing 
for forming via holes in a resin film by irradiation of an 
excimer laser, an excimer laser processing method 
wherein the emission of light caused during the de- 

40 composition of the resin during the processing is de- 
tected, the position of light emission is detected, the 
detected light emission position and design process- 
ing position are compared, and the comparison of the 
light emission position and design position is used to 

45 inspect for the presence of defects. 

In accordance with the present invention, there is 
still further provided, in excimer laser ablation proc- 
essing for forming via holes in a resin film by irradia- 
tion of an excimer laser, an excimer laser processing 

so apparatus comprised of a means for taking an image 
of the light emission caused during the decomposH 
tion of the resin during the pcocessing, a means for 
identifying the positions of light emission, a means for 
comparing the identified positions of light emission 

55 and the design positions for formation of the via 
holes, and a means for using the comparison of the 
positions of light emission and design positions to in- 
spect for the presence of defects. 
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In accordance with the present invention, there is 
still further provided, in excimer laser ablation proc- 
essing for forming via holes in a resin film by irradia- 
tion of an excimer laser, an excimer laser processing 
method wherein the proximity of the surface of a 
processed material is made an oxygen gas atmos- 
phere during processing. 

BRIEF DESCRIPTION OF THE DRAWINGS 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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The present invention will be better understood 
from the description set forth below with reference to 
the accompanying drawings, wherein: 

Figure 1 is views showing the modes of defects 
in excimer laser processing [(a), (b), (c) f and (d); 15 
Fig. 2 is a view explaining the principle of the 
present invention and showing the spectrum of 
light emission in the visible range at the time of 
ablation of a poiyimide resin by a KrF excimer las- 
er; 20 
Fig. 3 is the spectra of light emission in the visible 
range in the case of ablation of a poiyimide resin 
by a KrF excimer laser in an H 2 , He, and 0 2 gas 
atmosphere; 

Fig. 4 is a view explaining Example 1; 25 
Fig. 5 is a view explaining Example 2; 
Fig. 6 is a view explaining Example 3; 
Fig. 7 is a view explaining Example 4; 
Fig. 8 is a view showing the irradiated portion and 
scanning and monitoring regions of Example 4; 30 
Fig. 9 is a view explaining Example 5; 
Fig. 10 is a graph showing the relationship be- 
tween the taper angle of a via hole and the gap 
between the mask and film in Example 6; 
Fig. 11 is a graph showing the relationship be- 35 
tween the taper angle of a via hole and the inten- 
sity of the laser beam in Example 6; and 
Fig. 12 is a view explaining Example 6. 
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According to the present invention, the light emis- 
sion from plasma generated by the decomposition of 
t he resin is monitored so as. for example, to detect the 45 
exposure of the underlying electrode, whereby the 
endpoint of the processing is determined. Further, 
the positions of light emission detected by monitoring 
the light emission and the design positions to be proc- 
essed are compared against each other and the co- so 
incidence or noncotncidence between the two is used 
for inspection for the presence of defects. 

Figure 2 is a view explaining the principle of the 
present invention. 

When a resin decomposes due to laser ablation. 55 
the fragments thereof become plasma and emit light. 
Figure 2 shows the spectrum of light emission of the 
visible range in ablation of a poiyimide resin by a KrF 



excimer laser. When a via hole is formed and the un- 
derlying metal (land) is exposed, the light emission 
due to the decomposition of the resin stops, so the in- 
tensity of light emission weakens remarkably. Ac- 
cordingly, by detecting the intensity of the light emis- 
sion from a processing point, it is possible to confirm 
the end of the processing. When this information is 
fed back to the laser oscillator to stop the oscillation, 
it is possible to end the processing with the minimum 
necessary extent of irradiation. 

Further, at the position of formation of a via hole, 
the start of irradiation by the laser pulse results in the 
insulating material, that is, the resin, being etched 
and its decomposition gas emitting light As the etch- 
ing proceeds due to the cumulative irradiation, the 
hole becomes deeper. When the bottom of the hole 
reaches the underlying electrode, the etching stops, 
and therefore, light is no longer emitted. Accordingly, 
by detecting at what position the light is emitted by a 
monitor camera or other optical means and compar- 
ing the coordinates of the light emitting portion with 
the design data of the via holes to be formed, it is pos- 
sible to detect the defect of an absence of a via hole 
of Fig. 1(a) and the defect of a via hole of Fig. 1(b). 
Further, along with the increase in the number of ir- 
radiation shots, the underlying electrode (i.e., land) is 
exposed and the light emission from the position first 
emitting light stops, but when the film is locally built 
up due to, for example, foreign matter in the resin 
coating film, the land will not be exposed at that por- 
tion and the emission of light will continue, and there- 
fore, it is possible to detect the defective exposure of 
the land of Fig. 1(b). In addition, when the defect of 
Fig. 1(d) occurs due to the deviation of the position of 
the underlying land or the defective positioning of the 
laser processing mask, light emission from almost all 
areas will stop along with an increase in the number 
of shots, but despite this light emission will continue 
from particular via holes and particular areas of via 
holes, and therefore, it is possible to identify the pos- 
itions where light emission continues as being defec- 
tive points. 

It should be noted that the above-mentioned de- 
fects occur in excimer laser processing involving ex- 
posure through a mask in the following cases: 

(a) Defect of absence of hole: Occurs when the 
appropriate pattern is not formed in the mask, but 
this seldom proves a problem since the mask is 
usually inspected before use. 

(b) Incomplete penetration: This occurs due to de- 
fects in the formation of the film, such as uneven 
coating of the resin film or foreign objects. There 
is a possibility of relatively frequent occurrence. 

(c) Pinhole defects: This arises due to pinholes in 
the mask, so does not prove a problem in a mask 
comprised of a metal sheet with holes made in it, 
but with a mask comprised of a patterned quartz 
glass sheet on which a light shielding layer is 
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formed, in addition to the initial defects, these de- 
fects sometimes occur due to deterioration of the 
light shielding layer along with repeated use. 
(d) Poor positioning: This includes poor position- 
ing of the via hole formation mask and poor pos- 5 
itioning at the time of formation of the underlying 
electrode pattern. In multilayer circuits, poor pos- 
itioning often accumulates. This is a defect aris- 
ing not from the processing step itself, but from 
the previous step. w 
When it is only necessary to detect the presence 
of the above defects, then it is not necessary to iden- 
tify the positions of the defects, but in practice, cor- 
rection is made in accordance with the mode of the 
defect detected, so it is necessary to identify the pos- 15 
itions of the defects. Identification of a defective via 
hole requires a precision of ±50% of the pitch be- 
tween via holes. In excimer laser processing, the 
smallest via hole diameter industrially possible is 
about 20 i^m (opening portion). In this case, the basic 20 
grid is expected to be about 100 u.m. Therefore. ±50 
pm is required. This level of precision is fully achiev- 
able by detection of the positioning marks on the sub- 
strate being processed through a monitor camera and 
calculation of the distance from there. Caution is re- 25 
quired in detection of the position in that the light 
emission does not occur from the processing surface, 
but occurs from the plasma generated by the proc- 
essing. Therefore, the portion emitting light is wider 
than the diameter of the hole being processed. By ad- 30 
justment of the gain of the monitor camera, however, 
it is possible to suppress the spread of the portion 
emitting light to about 20 u,m, so considering the fact 
that the pitch in the basic grid is about 100 um at the 
smallest, this does not obstruct identification of a de- 35 
fective via hole. 

When processing by a projection exposure meth- 
od, however, as shown in, for example. Fig. 6. ex- 
plained later, it is possible to set the path of laser light 
and the path of light for monitoring and receive the 40 
emitted light from a processed area with a camera, 
but in contact exposure where a mask is laid over the 
processed surface in processing, it is necessary to 
detect the light emitted from the processed portion 
through the mask. It is difficult to defect the light emit- 45 
ted from the processed portion, when the light shield- 
ing layer of the mask is a metal film. Thus, the present 
invention cannot be applied in that case. This problem 
can be solved by making the light shielding layer of a 
dielectric multilayer film which selectively reflects so 
only the oscillation wavelength of the laser. That is, 
this layer would shield against only laser light, but 
would be transparent to visible light, and therefore, it 
would be possible to observe the light emitted from 
the processed portion through the mask. 55 

As mentioned above, the excimer laser ablation 
enables the formation of very well shaped holes faith- 
ful to the mask by a process of just exposure, and, as 
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a result, has been coming under attention as a tech- 
nique for processing via holes in difficult-to-process 
films such as polyimide film. There is, however, a 
problem of deposition of soot at portions around the 
processing when patterning a polymer by an excimer 
laser. This soot can cause a decline in the insulation 
resistance of the surface in the case of a multilayer 
wiring substrate, and thus, removal of the deposited 
soot is required. To remove the soot, there is the 
method of immersion in alcohol or another liquid hav- 
ing a low surface tension and performing ultrasonic 
cleaning there, but it is difficult to remove the soot 
completely and the black stain at the deposition por- 
tions cannot be removed. Another method is to per- 
form the processing, while blowing helium gas or hy- 
drogen gas. However, the use of helium gas means 
higher costs and the use of hydrogen gas means the 
danger of explosion and further the inability of in- 
spection of the endpoint of processing by detection of 
light emission. 

According to the present invention, however, the 
generation of soot is suppressed by making the prox- 
imity of the surface of the organic material being 
processed at the time of ablation processing by an ex- 
cimer laser an oxygen gas atmosphere, which is both 
high in combustion effect and inexpensive. Further, 
the increased intensity of the light emission is used 
to enable more reliable inspection of the endpoint of 
processing by detection of light emission. 

Figure 3 shows the spectra of the light emission 
of the visible range in ablation of a polyimide resin by 
a KrF excimer laser in an atmosphere of helium gas, 
oxygen gas, and hydrogen gas. In the case of a hy- 
drogen gas atmosphere, almost no light emission is 
detected, while in the case of helium gas, the inten- 
sity of the light emission is low. As opposed to this, 
in the case of oxygen gas, the intensity of the light 
emission remarkably increases and the light emis- 
sion can be sufficiently detected even through a 
mask. 

EXAMPLES 

The present invention will now be further illustrat- 
ed by, but is by no means limited to. the following Ex- 
amples. 

Example 1 

Figure 4 is a view explaining Example 1. 
In Fig. 4, a copper (Cu) film 2 having a thickness 
of 2 M-m was deposited on a glass substrate 1 by sput- 
tering. On the top thereof, a polyimide film (Hitachi 
Kasei PIX-3500) was coated as a resin film 3 of a 
thickness of 40 urn. On the top thereof was placed a 
mask 4 at a gap of 0.4 mm. The assembly was affixed 
on an XY- stage 20. The stage was repeatedly moved 
in a zigzag manner and the laser 11 fired through the 
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mirror 12 and the lenses 13 and 14 to form holes of 
a diameter of 50 u.m in a 3 cm square region at a long- 
itudinal and lateral pitch of 0.25 mm. 

The processing conditions were as shown below: 
Oscillation wavelength of laser 248 nm (KrF) 
Output: 300 mJ/pulse (pulse width 16 ns) 
Repetition frequency of pulse: 200 Hz 
Mask: Synthetic quartz substrate 4Aon which 
is formed dielectric multilayer film 4B having pattern 
of holes of diameter of 40 

Exposure intensity: 1 .0 J/cm 2 per pulse 
Speed of travel in X-direction (main scanning 
direction): 40 mm/s (stroke 35 mm) 

Steps in Y-direction (secondary scanning di- 
rection): 2 mm x 18 steps 

The ablation processing was performed under 
the above conditions and the light emission during 
the processing was received by a photodetector 17 
through a lens 1 5 and a color filter 1 6 capable of pass- 
ing visible light of 500 to 700 nm. The average output 
over time was measured by a power meter 1 9 through 
an integration circuit 18. 

The mask was transparent to visible light, and 
therefore, it was possible to monitor the light emis- 
sion. The amount of light received in the first and sec- 
ond scanning was 300 nW, but fell to 220 u.W in the 
third scan and became less than 10 u.W in the fourth 
scan. Therefore, no fifth scan was performed and the 
processing was ended. 

The processed holes were examined and as a re- 
sult it was confirmed t hat all were formed as complete 
via holes and there was no damage to the underlying 
Cu film. 

Example 2 

Figure 5 is a view explaining Example 2. 

In Fig. 5, an aluminum (Al) film having a thickness 
of 3 nm was deposited on a glass substrate by sput- 
tering. On the top thereof was coated a benzocyclo- 
butene-based heat curing resin (avaiable from Dow 
Chemical Co.) at a thickness of 30 p.m as the resin 
film 3. 

The laser light of the excimer laser 1 1 was passed 
through an aperture having a size of 5 mm x 20 mm 
to cut the peripheral portions of the laser beam and 
to extract the portion with a uniform light intensity, 
then the light was passed through a mask 21 com- 
prised of a 0.2 mm copper sheet in which holes of a 
diameter of 0.4 mm had been made at a pitch of 1 mm 
by a drill and reduced to 1/4 for the processing. In the 
same way as in Example 1, the light emission was re- 
ceived by a photodetector 1 7, the amount of received 
light was measured through an integration circuit 18 
consists of a capacitance C in series with a resistance 
R for each pulse in synchronization with the laser os- 
cillation, and the result was input to a computer 24 af- 
ter A/D conversion by the A/D converter 22. The aver- 



age light intensity (l 0 ) of the first five pulses after the 
start of the processing was found. When the amount 
of light intensity measured fell below 10 percent of the 
l 0 for five consecutive pulses, the laser controller 25 
was actuated by instruction from the computer 24 to 
stop the oscillation of the laser 11. The stage 20 on 
which the workpiece (i.e., the substrate coated with 
resin film to be processed) 23 was then moved by 10 
mm by a step motor 26 and the processing was then 
10 again performed. In this way, the processing was 
performed by a step and repeat process. 

As a result, it was possible to expose the under- 
lying Al film at all the holes without causing damage 
to the underlying Al film. 

15 

Example 3 

Figure 6 is a view explaining Example 3. 

An underlying copper (Cu) film 2 was sputtered 

20 on a glass substrate 1 and lithographic techniques 
were used to form a pattern of electrodes of 60 |im<t> 
in a lattice form at a pitch of 200 ^tm. A polyimide film 
(Hitachi Kasei PIX-3500, thickness of 20 urn) was 
formed on the top thereof and then was processed to 

25 form via holes by the exposure system shown in Fig. 
6. For the mask 21 , use was made of a molybdenum 
sheet of a thickness of 0.2 mm in which holes of 0.2 
mm<f> were formed in a lattice with a pitch of 0.8 mm 
by an el ectrod is charge processing method. A projec- 

30 tion exposure method was performed at a reduction 
rate of 4.0 times. Laser light emitted from the laser 11 
was passed through an aperture 27 having a size of 
8 x 20 mm to remove the peripheral portions of the 
beam and then irradiated on the mask 21 to process 

"35 a region having a size of 2.0 x 5.0 mm by a reduction 
projection method. For the laser 11 , use was made of 
a Lumonics EX700. The oscillation wavelength was 
made 248 jim (KrF), the intensity of exposure was 
made 0.7 J/cm 2 per pulse, and the oscillation frequen- 

40 cy was made 1 00 Hz. The light emitted from the proc- 
essed portion was passed through the dielectric mul- 
tilayer film mirror 1 2 of Fig. 6 and monitored by a CCD 
camera, through which visible light passes, it should 
be noted that for the CCD photo element 28. use was 

45 made of one with a high resolution of 1 000 x 1000 ele- 
ments. 

The image taken was passed through the image 
input board 29 and input every 0.1 s to a frame mem- 
ory 30 of the work station. It was compared against 

so the design information (via holes present at all lattice 
points at pitch of 200 nm) at cycles of 0.1 s to judge 
for the presence of defects and the mode of the same 
for every processing point in the design information. 
The position and mode of the defective portions were 

55 shown on a display. 
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(1) Detection of Modes of (a) and (c) 

Metal pieces were adhered to the mask 21 to 
block four holes. Also, two holes of 0.2 mm<j> were 
made in the mask at positions other than the lattice 
points. Exposure was then performed. As a result, 
the four holes of the blocked holes were detected as 
the defects (a) and the positions corresponding to the 
two holes made at locations other than the lattice 
points were detected as the defects (c). 

(2) Detection of Mode of (b) 

A polyimide film having a thickness of 25 \xm was 
cut into 1 mm squares and placed in a polyimide varn- 
ish. The result was coated on a substrate 1 on which 
electrodes had been formed so as to form locally un- 
even film portions. A location with one such film pro- 
trusion was processed using a normal mask. Irradia- 
tion was performed a further 0.5 second after the 
cessation of the light emission from 1 50 points among 
250 light emission points and the location last emitting 
light was detected. As a result the portion of builtup 
film caused by the piece of film was displayed on the 
screen as the defect (b). 

Example 4 

Electrodes having a size of 40 nm<(> were formed 
at a pitch of 200 urn in a 5 cm square region on a 7 
cm square glass substrate 1 (Fig. 7) in the same way 
as in Example 3. On the top thereof, a benzocyclobu- 
tene heat curing resin (available from Dow Chemical 
Co., thickness of 25 ^m) was formed as the resin film 
3. Further, an Si02/Y 2 0 3 dielectric multilayer film was 
laid on a synthetic quartz substrate having a thick- 
ness of 1 mm and 7 cm square to form a multilayer 
film mirror for 248 nm light. Holes having a size of 30 
nm$ were formed in a 5 cm square area in the 7 cm 
square region at a pitch of 200 u.m, thereby forming 
the mask. The resin film and mask were positioned 
facing each other with a gap of 0.3 mm, then the two 
were affixed and placed on the XY-stage 20 as shown 
in Fig. 7. The laser light was focused by the first lens 
1 3 so as to give 0.8 J/cm 2 per pulse at the beam cen- 
ter, then was converted to parallel light by the second 
lens 14 and passed through the dielectric mirror mask 
4 to irradiate the workpiece. The laser 1 1 and the os- 
cillation frequency were made the same as in Exam- 
ple 3. 

While irradiating the laser light 11, the XY-stage 
20 was moved 20 mm/s in the X-direction. When the 
pattern edge was passed, the stage was fed 1 mm in 
the Y-direction and then similarly moved in the -X-di- 
rection. The entire surface was therefore processed 
by this scanning in a zigzag pattern. The light emis- 
sion at this time was passed through a mirror mask 4 
and monitored in the same way as Example 3. In the 



same way as Example 3, the light emission was sam- 
pled each 0.1 second. The coordinates of the light 
emission points at that time were compared with sig- 
nals from the step motor 26 moving the XY-stage 20 

5 and calculated and compared against the design in- 
formation to detect defects. In this Example, the size 
of the beam was about 3x8 mm at the irradiated por- 
tion 31 (Fig. 8). The laser beam was repeatedly irra- 
diated by a zigzag scan 32. A 2 x 6 mm region 33 at 

10 the center of the irradiated beam was monitored, the 
light emission positions at the leading portion (i.e., H 
in Fig. 8) in the direction of progression of the proc- 
essing were detected (i.e., the detection of above- 
mentioned defects (a) and (c)), and the exposure of 

15 the electrodes at the final portion (i.e., F in Fig. 8) 
(i.e., the defects (b) and (d)) was detected. 

Processing was performed by the above- 
mentioned method, using as a mask, a mask having 
the defects of (a) and (c). As a result, it was possible 

20 to detect the defects corresponding to these respec- 
tive modes at locations detected in the mask defect 
inspection by the light emission during the process- 
ing. 

25 Example 5 

A glass substrate 1 having a underlying metal 
(Cu) film 2 on which a polyimide film (Hitachi Kasei 
PIX-3500, thickness of 30 u.m) was formed, as a resin 
30 film 3, was processed by the exposure system shown 
in Fig. 9 to form holes having a size of 50 nm<fr at a 
longitudinal and lateral pitch of 0.25 mm in a 3 cm 
square region. 

The processing conditions were as shown below: 
35 Laser oscillator: Lumonics EX-700 

Oscillation wavelength: 248 nm (KrF) 
Output: 300 mJ/pulse (pulse width 16 ns) 
Exposure intensity: 1.0 J/cm 2 per pulse 
Number of irradiation pulses: 200 pulses/shot 
40 Reduction rate: 4:1 

Flow of oxygen gas: 2 liters/minute 
Ablation processing was performed under the 
above conditions. Acomparison was made of the gen- 
eration of soot between the case of introducing 0 2 
45 from the oxygen gas inlet 34, the case of introducing 
hydrogen and helium gas instead of O z , and the case 
of processing in the atmosphere. The amount of the 
soot was evaluated by the ratio of T,/^ making a 
comparison of the average transmittance (measured 
so by 5 mm<j> light, spatial average) between the state 
(T,) of soot deposited directly after the processing 
and (T 0 ) after removal of the soot by rubbing cleaning. 
As a result, it was found that the T^fT 0 was a low of 
about 50% in processing in the atmosphere, but that 
55 T^q was about 95% in the case of passing hydrogen 
gas, about 87% in the case of helium gas. and about 
84% in the case of oxygen gas, i.e., that oxygen gas 
has substantially the same effect in reducing soot as 
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hydrogen gas and helium gas. 

Further, ablation processing was performed un- 
der the above conditions, the light emission during 
the processing was received by a photodetector 17 
through a filter 16 passing visible light of 500 to 700 5 
nm, and the average output along with time was 
measured through an integration circuit 18. The mask 
4 allowed about 90% of the visible light to pass 
through it, and therefore, the light emission could be 
measured. The exposure system of Fig. 9 was affixed 10 
on the XY-stage 20 and processing was performed by 
the laser light emitted from the laser 1 1 , while moving 
the stage 20 in a zigzag pattern. The speed of move- 
ment in the X-direction at this time was made 40 mm/s 
and the steps in the Y-direction were made 2 mm x 1 8 15 
steps. The amount of light received in the first scan 
was 450 viW in the case of an oxygen gas atmos- 
phere, but was 40 nW in the case of a helium gas at- 
mosphere. Almost no light emission could be ob- 
served in the case of a hydrogen gas atmosphere. 20 
Further, in the case of an oxygen gas atmosphere, a 
drop in the intensity of light emission was clearly seen 
in the fourth scan and the endpoint of the processing 
could be easily judged, but in the case of a helium and 
hydrogen gas atmosphere, it was not easy to conclu- 25 
sively determine the endpoint of processing. 

As explained above, according to Example 5 of 
the present invention, by making the proximity of the 
processed surface in excimer laser ablation process- 
ing an oxygen gas atmosphere, it is possible to effec- 30 
tively suppress the soot created at a low cost and to 
increase the intensity of light emission of the polymer 
ablation, so there is the effect that much more reliable 
examination of the end of processing by detection of 
light emission becomes possible. 35 

Example 6 

The excimer laser processing apparatus (i.e., an 
equivalent size mirror mask method) such as shown 40 
in Figs. 4, 7, and 9 can be used to reliably form holes 
of a desired diameter at a desired taper angle, one of 
the goals of formation of via holes for interlayer con- 
nection in a polymer by an excimer laser in accor- 
dance with the trend toward diverser types of pack- 45 
aging and miniaturization of patterns. The apparatus 
requires, however, provision of a gap 36 (Fig. 4) of 0. 1 
to 1 mm between the processing surface 3 and the 
mask 4 to allow the ablation gas to escape. However, 
when a mask having a pattern of holes having a size so 
of 5 to 50 nm diameter was used for the exposure and 
the relationship between the size of the gap and the 
shape of the holes formed was examined, it was 
learned that mainly since the degree of beam paral- 
lelness of an excimer beam cannot be said to be al- 55 
ways good, the diameter of the openings becomes 
larger than the diameter of the holes of the mask 
along with the increased size of the gap 36 and the 



shape of the openings also becomes oblate and that 
at the same time the taper angle also becomes larger 
(see Fig. 10). Further, it was learned that there is no 
particular correlation between the intensity of the las- 
er light and the taper angle (see Fig. 11). From these 
results, it may be said to be necessary to control the 
gap in units of 0.1 mm so as to make holes of a desired 
diameter at a desired taper angle in a film to be proc- 
essed having a certain thickness, but in the past the 
practice had been to place a spacer having a certain 
thickness, of 0.5 mm or 1 mm, between the mask 4 
and the film 3 to form the gap, and therefore, fine ad- 
justment was difficult and, further, the spacers had to 
be changed one by one depending on the require- 
ments on the via holes or the film to be processed. 

However, in this Example, as shown in Fig. 12, 
use was made of an apparatus integrally comprising 
a work station 37 on which the material 3 to be proc- 
essed is placed and screws 39 on which are mounted 
a mask 4 comprised of a transparent support sub- 
strate on which a dielectric multilayerf ilm is selective- 
ly formed and micrometer calipers 38. The distance 
from the surface of the film to be processed 3 to the 
surface of the mask 4 was measured by this as fol- 
lows: That is, first, the mask 4 was raised by the 
screws 39 to open up the distance between the mask 
4 and the work station 37. The material to be process- 
ed, having a resin film 3 on its surface, was placed on 
the work station 37. Next, the mask 4 was lowered un- 
til lightly contacting the surface of the material to be 
processed and that was used as the reference point 
(i.e., zero point). The mask was then gradually raised 
while viewing the micrometer calipers 38 and was 
stopped when a suitable position was reached. 

Using the above method, a glass substrate 2 on 
which a polyimidefilm (Hitachi Kasei PIX-3500, thick- 
ness of 30 urn) was formed as a resin film 3 was proc- 
essed by the exposure system shown in Figs. 4, 7, 
and 9 to form holes at a longitudinal and lateral pitch 
of 0.25 mm in a 3 cm square region. 

The processing conditions were as shown below: 
Laser oscillator: Lumonics EX-700 
Oscillation wavelength: 248 nm (KrF) 
Output: 300 mJ/pulse (pulse width 16 ns) 
Exposure intensity: 1.0 J/cm 2 per pulse 
Number of irradiation pulses: 200 pulses/shot 
Reduction rate: 4:1 
The most suitable conditions for making via holes 
for interlayer connection having an opening diameter 
of 50 nm and a taper angle of 10° were studied, 
whereupon it was learned that use should be made of 
a mask with 40 nm hole diameters and the gap be- 
tween the mask and film should be made 0.3 mm. 
Therefore, use was made of the apparatus of Fig. 12, 
use was made of a mask of the diameter of the con- 
ditions sought, the gap was set, and then the proc- 
essing was performed. As a result the opening diam- 
eter of the via holes formed was 40 urn and the taper 
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angle was 12° - that is, the requirements could sub- 
stantially be met. 

According to the above Example 6, the adjust- 
ment of the gap provided between the processed ma- 
terial 3 and the mask 4 is performed by a screw mech- 
anism 39 comprised of the support plate on which the 
processed material is placed and the mask, so it is 
possible to form via hofes having a desired shape 
easily and reliably. 

As explained above, according to a first aspect of 
the present invention, in ablation processing by an ex- 
cimer laser, the required sufficient laser irradiation 
can be performed even in the face of fluctuations, in 
laser output, deterioration of the optical components, 
or differences in thickness of the processed article 
and it is therefore possible to prevent defective con- 
nections of the via holes due to incomplete process- 
ing or damage to the underlying electrode films. 

Further, according to the second aspect of the 
present invention, it is possible to monitor the proc- 
essing point by the light emission of t he polymer abla- 
tion, and therefore, it is possible to inspect for defects 
in processing at the same time as the processing and 
therefore there is the effect that it is possible to sub- 
stantially eliminate a separate inspection step. 



Claims 

1. An excimer laser ablation processing method for 
forming via holes in a resin film by irradiation of 
an excimer laser comprising the steps of: 

detecting the emission of light caused dur- 
ing the decomposition of the resin during the 
processing to measure the intensity thereof; and 

judging the endpoint of the processing 
from the changes in the intensity of light emission 
during the processing. 

2. An excimer laser processing method as claimed 
in claim 1 , wherein a mask obtained by selectively 
patterning a dielectric multilayer film is placed on 
the resin film, processing is performed by laser 
light passing through the mask, and the intensity 
of light emission is measured through the mask. 

3. An excimer laser ablation processing apparatus 
for forming via holes in a resin film by irradiation 
of an excimer laser, comprising: 

a means for detecting the light emission 
caused during the decomposition of the resin dur- 
ing the processing and measuring the intensity 
thereof; and 

a means for judging the endpoint of the 
processing from the changes in the intensity of 
light emission during the processing. 

4. An excimer laser processing apparatus as 



claimed in claim 3, wherein a mask obtained by 
selectively patterning a dielectric muttilayerf ifm is 
placed on the resin film, the processing is per- 
formed by laser light passing through the mask, 
5 and the intensity of light emission is measured 

through the mask. 

5. An excimer laser ablation processing method for 
forming via holes in a resin film by irradiation of 

10 an excimer laser comprising the steps of: 

detecting the emission of light caused dur- 
ing the decomposition of the resin during the 
processing is detected; 

detecting the positions of light emission; 
75 comparing the detected positions of light 

emission and design positions of processing 
against each other; and 

using the comparison of the positions of 
light emission and design positions to inspect the 
20 presence of defects. 

6. An excimer laser processing method as claimed 
in claim 5, wherein a mask obtained by selectively 
patterning a dielectric multilayer film is placed on 

25 the resin film, the processing is performed by las- 

er light passing through the mask, and the inten- 
sity of light emission is measured through the 
mask. 

30 7. An excimer laser processing method as claimed 
in claim 5, wherein the resin film is a layer insu- 
lation film in a multilayer circuit substrate of an 
electronic circuit 

35 8. An excimer laser ablation processing apparatus 
for forming via holes in a resin film by irradiation 
of an excimer laser comprising: 

a means for taking an image of the light 
emission caused during the decomposition of the 
40 resin during the processing; 

a means for identifying the positions of 
light emission; 

a means for comparing the identified pos- 
itions of light emission and design positions for 
45 formation of the via holes; and 

a means for using the comparison of the 
positions of light emission and the design posi- 
tions to inspect for the presence of defects. 

so 9. An excimer laser processing apparatus as 
claimed in claim 8, wherein a mask obtained by 
selectively patterning a dielectric multilayer film is 
placed on the resin film, the processing is per- 
formed by laser light passing through the mask, 

55 and the intensity of light emission is measured 

through the mask. 

10. An excimer laser processing apparatus as 
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claimed in claim 8, wherein the processing appa- 
ratus is an apparatus for forming via holes in an 
insulating resin forming part of an electronic cir- 
cuit substrate. 

5 

11. An excimer laser processing apparatus as 
claimed in claim 9. which has the function of ob- 
serving the light emission from a specific posi- 
tions over time and judging the end of processing 

for that apparatus by the cessation of light emis- 10 
sion from that position. 

12. An excimer laser ablation processing method for 
forming via holes in a resin film by irradiation of 

an excimer laser comprising: using an oxygen 15 
gas atmosphere in the proximity of the surface of 
a processed material during processing. 
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